Supplementary Material

I. Controlling the mass bias introduced by sulfate in Si measurements by MC-ICP-MS
The cation-exchange purification technique used here does not remove anions (in our case, mostly Cl -, SO4 2and to a lesser extent NO3 -) from solutions. In this case, the addition of a known artificial matrix in excess in both the sample and standard solution can be used to dilute the natural concentration of the contaminant and to homogenize sample and standard matrices (doping method, Georg et al., 2006; Hughes et al., 2011) .
Indeed, dissimilar matrices will affect differently the plasma and ionization efficiency and will induce artificial bias in the delta measurements, invalidating the use of the standard-sample bracketing technique.
In our samples, Cloriginating from seawater can be neglected compared to Cladded as HCl (Merck Suprapur) to dissolve the brucite; and as solutions were analyzed in a HCl matrix largely in excess (up to 0.5 mol L -1 ) compared to natural Clconcentration. Similarly, the occurrence of NO3in seawater was resolved by the use of HNO3 (Merck Suprapur, 0.5 mol L -1 ) as a solvent in both the samples and standards. For KEOPS-2 surface samples, sulfate concentrations measured by ionic chromatography after purification could be significant to generate a shift in isotopic measurements (SO4 2-/Si up to 20). Van den Boorn et al. (2009) has recently reported that the presence of sulfate in rock digestion solutions can induce a significant offset (up to +1.4 ‰) in silicon isotopic measurements when SO4 2-/Si ratios > 0.02.
To test the effect of sulfate on silicon measurements, we doped 4 Diatomite purified solutions with variable amounts of H2SO4 (Merck, Suprapur) to yield solutions with SO4 2-/Si ratios ranging from 0 to 19. The sulfatedoped Diatomite solutions were then analyzed for silicon isotope composition using the sulfate-free standard-sample bracketing technique. These solutions were analyzed using the same configuration as for the KEOPS-2 samples and the procedure was replicated 6 times on separated MC-ICP-MS analytical sessions.
The results of the experiment show a clear positive relation between the silicon isotopic composition of Diatomite and SO4 2-/Si ratio of the solution (Fig. S1) , with the increase of δ 30 Si signatures becoming significant (+0.2 ‰) when SO4 2-/Si ratios > 8. Moreover, we observe a degradation of the analytical reproducibility with increasing SO4 2-/Si ratios with standard deviations up to five times higher in the most sulfate-concentrated solution, suggesting a strong decline of the measurement quality.
Doping both standard and Diatomite solutions with H2SO4 (final concentration 1mmol L -1 ) would impose similar SO4 2-/Si ratios in the sample and the standard solutions and should prevent any matrix effect.
Indeed, we observe that the doping procedure does not induce any bias on Diatomite reference material measurements that have a δ 30 Si signature similar to the published values (1.27 ± 0.06 ‰, n = 50 ; compared to δ 30 Si = 1.26 ‰, Reynolds et al., 2007) . Thus, as proposed by Hughes et al. (2011) for river waters, samples and standards solutions used for seawater isotopic analyses must be doped with sulfate when their SO4 2-/Si ratios > 8 in order to control the sulfate matrix effect during MC-ICP-MS measurements. In our study, it concerned every surface samples where we used a preconcentration (MAGIC) volume > 50 ml. However, to run the MC-ICP-MS in the same matrix conditions for all samples, we decided to apply this procedure for all KEOPS-2 seawater samples.
Thus, after cationic exchange purification (Georg et al., 2006) and prior to MC-ICP-MS measurements, sulfuric acid (H4SO4, Merck Suprapur) was added to both the standard and the samples in order to reach the same final SO4 2concentration (1 mmol L -1 , see Table S1 ).
II. Calculation of a mixed-layer deepening
The ML is subject to occasional deepening due to a variety of physical processes. Our goal here is to estimate the order of magnitude of a ML deepening that could correspond to the supply of DSi estimated from our sediment trap isotopic measurements (i.e. an increase of 7.39 µmol L -1 ). Indeed, when the ML deepens, DSi from deeper waters is introduced to the surface. This DSi supply (or entrainment) depends therefore on three parameters: (i) the gradient of DSi concentration below the ML, (ii) the depth of the ML (H) and (iii) the depth of the deepening event (H', see Fig. S2 ). The variation of the ML is closely linked to the change in DSi concentration and can be explained as follows:
with ΔH, the change of ML depth; DSit and DSit0, the concentration of silicic acid in the ML before and after the mixing event respectively; and DSideep, the concentration of silicic acid below the ML.
We assume that the ML is well-homogenized with a DSit0 of 9.53 µmol L -1 and we neglect the inverse process of "detrainment" when the water column stratifies again after the mixing event. The DSideep corresponds to the averaged WW DSi concentration estimated fro the Plateau stations (32.87 µmol L -1 ) and the supply of DSi is estimated either from a Rayleigh model (DSit -DSit0 = 2.3 µmol L -1 ) or from a steady state model (DSit -DSit0 = 7.39 µmol L -1 ). Therefore, the estimated deepening of the ML is + 8.75 m or + 37 m in when we consider respectively a closed system or an open system. 4.97 1.22 ± 0.05 0.11 ± 0.00 1.77 ± 0.13  911 74.03 ± 5.18 1.23 ± 0.05  1011 78.27 ± 5.48 1.08 ± 0.05 0.05 ± 0.00 1.85 ± 0.05  1520 85.86 ± 6.01 1.07 ± 0.05 0.10 ± 0.00 2.01 ± 0 
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